Introduction
Consumer food waste (CFW) is particularly problematic because in comparison to waste generated at other stages of the supply chain its associated environmental and economic impacts are the highest. This is due to the cumulative amount of resources (labour, energy, water, etc.) required to produce the final products. For instance, the cumulative energy use for 1 kilogramme of beef can increase from 28.16 MJ at the farm gate to 49.91 MJ at the consumption stage (Foster et al. 2006; WRAP 2013a) .
In the UK, 72% of post-farm food waste is generated at household level (Figure 1 ): some 7.3 million tonnes per annum, of which 5.7 million tonnes (78%) is classed as avoidable or possibly avoidable (WRAP 2017) . Avoidable food waste refers to food that is discarded because it is not wanted anymore or has been left to expire, whereas possibly avoidable food waste is food that some consumers eat but not others (e.g. bread crust), or food that can be eaten if prepared differently (e.g. raw potato peeling vs. potato peel crisps) (WRAP 2013b). CFW is not only a UK issue, studies have shown that on a European level, the majority of food waste created is attributed to consumers (European Court of Auditors 2016). These alarming figures suggest that an improvement in how consumers purchase and manage food is needed. Environmentally and economically, prevention is the best option to manage waste (European Commission 2012; Garcia-Garcia et al. 2016) , this research focuses on preventing avoidable and possibly avoidable CFW generated in the household.
The choice of UK as a valid case to analyse CFW and explore its potential solutions is underpinned by two main factors. Firstly, UK is identified as one of the EU countries with the highest amount of CFW per capita (Monier et al. 2010; Vanham et al. 2015) . Secondly, thanks to the work conducted by WRAP (2013b WRAP ( , 2017 there is a relatively more detailed analysis and quantification of CFW in the UK compared to other countries of the EU (Vanham et al. 2015) . Thus, the availability of UK CFW data and the fact that UK is one of the most wasteful nations of the EU informed this research scope. This paper begins with an analysis of the UK CFW issue and its challenges, provides an overview of the solutions present in the literature that seek to support businesses to reducing it, examines attributes of the current food provisioning system that could support a new product service system (PSS) in substantially minimising CFW and discusses these outputs in terms of designing a new PSS.
Causes and solutions to CFW
In relation to causes of CFW, several studies have revealed that reasons for wasting food at household level are various and complex (Evans 2011; Evans and Welch 2015; Stancu, Haugaard, and Lähteenmäki 2016) . Direct reasons of CFW include food not used in time, accidents (i.e. burning, spoilage, etc.), personal preferences (WRAP 2013b) and leftover waste (Cicatiello et al. individualisation, changes food provisioning processes, takes into consideration environment where it operates, and is scalable.
The current research recognises the role of food providers, particularly manufacturers and retailers, in supporting the minimisation of CFW. This is primarily due to the fact that some manufacturing and retail activities can contribute to the generation of CFW (i.e. packaging, promotions, portioning, etc.) , and also the power that manufacturers and retailers hold in controlling the majority of the flow of food products from producers to consumers. This enables them influence both production and consumption. Hence, a review of the literature regarding the solutions supporting businesses in fostering more sustainable consumption and preventing CFW is conducted. It is noticed that the majority of published academic articles around food waste provide an analysis of the issue rather than a solution. Thus, solutions discussed on commercial websites and in generic reports are also considered.
Regarding actions that can be taken by providers, some solutions call for the abolishment of best before dates to prevent people from throwing away perfectly edible food (Adam 2015) while other solutions promote innovative technology to offer more precision in detecting if food is spoilt such as temperature sensitive smart labels (Zhang et al. 2013) , and bio-reactive tactile tags made of gelatine that can change texture (Smithers 2016) . Other solutions helped in extending product shelf-life (or percentage of shelf-life available to consumers) through packaging technology (Kirtil and Oztop 2016; Sand 2015; Smithers 2016) or though logistics and supply chain management (i.e. first-expired-first-out transportation model) (Jedermann et al. 2014) . Furthermore, packaging and mobile apps have been used to provide guidance on how to store food to preserve its quality (WRAP 2014) as well as how to utilise stored food before it expires . Providing flexible portioning is also one of the actions that can be taken by food providers to facilitate prevention of CFW, examples of solutions that offer this flexibility are pre-cut and resealable packages (Sand 2015) . Those are examples of technologies that businesses could implement to assist consumers in maximising their use of food resources.
In relation to actions that can be taken by consumers, one of the most prominent educative programmes in the UK is love food hate waste (LFHW) (WRAP 2015) which raises consumers' awareness around planning, portioning, storing and understanding date labels. This programme also stresses the importance of efficiently managing stored food and purchasing only needed 2016). These reasons are in turn consequences of unplanned grocery shopping (Stefan et al. 2013 ) -interestingly, consumers who make shopping lists are found to be more concerned about CFW issue Pratesi 2015) -over-purchasing (Cicatiello et al. 2016) , poor management of stored food (WRAP 2007) , incorrect storage (Cicatiello et al. 2016) , lack of cooking skills, over-preparation (Cicatiello et al. 2016 ) and over-serving (WRAP 2013b) . Thus, it is observed that CFW is a consequence of how consumers purchase, store, cook and consume food.
Furthermore, studies within the fields of social science and psychology reveal that CFW is influenced by factors related to (1) the individual, (2) the society/area and (3) the retail-manufacturing system (Aschemann-Witzel et al. 2015; Quested et al. 2013; Secondi, Principato, and Laureti 2015) . Factors related to the individual include (a) socio-demographic aspects such as age, gender and household composition, (b) psycho-demographic aspects such as motivation, attitudes, values and habits, and (c) socio-economic aspects such as income, level of education and household storage infrastructure. Regarding the society and area factors, studies show that social norms influence how consumers handle food operations (e.g. family norm), and that economic, environmental and governmental characteristics of the country of residency have some impact on CFW generation. Interestingly, Secondi, Principato, and Laureti (2015) argue that the more land consecrated for agriculture a country has the less food waste its citizens generate. Additionally, characteristics of the retail-manufacturing system are believed to influence consumers' wasteful behaviour. For instance, retail environment is designed to make consumers buy more by providing special offers such as buy one get one free and competing on relatively low prices. Thus, consumers are encouraged to buy more than what they need which results in almost one-fifth of food purchased by UK consumers being wasted (WRAP 2013b) .
Considering the reviewed models above, it is understood that CFW is more than a behaviour issue but rather a symptom of a bigger societal problem shaped by an unsustainable production and consumption system that relies on oversupply, consumerism and competition on cheap prices (Aschemann-Witzel et al. 2015; Lang 2013) . It is therefore important to not only address the symptoms but also the core causes when formulating a solution that could lead to a significant reduction of CFW. Figure 2 represents this research conceptual framework which enumerates the different causes and factors influencing CFW, found in the literature, revealing a need for a food system that caters for items by encouraging consumers to plan and shop for specific ingredients with meals in minds. Since LFHW launch in 2007, CFW in the UK reduced from 8.2 million tonnes in 2007 to 7.0 million tonnes in 2012 but then increased to 7.3 million tonnes in 2015 (WRAP 2017) . Although the latest change from 2012 to 2015 is regarded as statistically insignificant (WRAP 2017) , it can support the suggestion that the decrease in CFW from 2007 to 2012 was mainly due to price inflation and other economic factors and not solely to the effectiveness of the various engagement campaigns (WRAP 2013b).Thus, it can be argued that educating consumers is an important enabler to change their behaviour but is not enough to minimise CFW.
The existing solutions reviewed suggest that reduction of CFW can be achieved through actions that can either be taken by food providers or actions that can be taken by consumers which providers could support and facilitate as presented in Figure 3 . It is also identified that the majority of developed or underdevelopment solutions encourage businesses to deploy communication, innovation, technology and policy-making to minimise CFW. Furthermore, it is observed that the majority of proposed solutions address the direct reasons for CFW and ignore the core issues previously discussed.
One potential approach to address food surplus issue is by improving the existing food provisioning system such that providers could work in partnership with consumers to develop smart, value-adding and targeted solutions. To achieve this, this research proposes to apply the PSS concept within a food waste context to design a more sustainable food provisioning system where CFW is prevented. PSS is defined by Mont (2004) as 'a system of products, services, networks of actors and supporting infrastructure that is developed to be competitive, satisfy customers and be more environmentally sound than traditional business models' . The most prominent case study where PSS concept has been applied within a food context is the ODIN project analysed by the pioneers of PSS Goedkoop et al. (1999) . The aforementioned project's main aim was not to reduce CFW; however, it has led to environmental improvements via reduction of transportation and prevention of food loss at production level. Thus, these research main hypotheses are:
(a) Consumer food waste is a symptom of a complicated societal issue affected by inefficiencies related to the current conventional food provisioning system, and (b) developing and implementing a new product service food provisioning system will lead to a significant reduction of consumer food waste. (4) SOPMF: Solution-oriented partnership methodological framework (Manzini, Collina, and Evans 2004) .
The aforementioned methodologies have many similarities and some differences as shown in Table 1 . Reviewing all these methodologies it is observed that the design and development of a PSS should include (a) project initiation and current system analysis, (b) brainstorming and general PSS concept design, (c) PSS detailed design, (d) PSS trial and assessment and (e) PSS implementation and realisation. As this project aims to improve the conventional provisioning system rather than create a new business entity that would foster more sustainable consumption, PSS implementation and realisation phase is not applicable. Thus, this research methodology consists of the following stages:
(1) Current food provisioning system analysis: Strategically analyse the current UK food provisioning system (from manufacturer to consumer, including also retail and logistics) in terms of its characteristics that lead to or encourage a reduction of CFW; (2) Identifying general PSS concepts: Identify feasible opportunities for converting the food provisioning system into a PSS that could lead to reduced levels of CFW, (3) Refinement and selection of PSS: Select PSS concepts based on economic and technological feasibility, user acceptability, and potential environment benefits; (4) PSS design: Design (and demonstrate) the most promising PSS (from economic, environmental and social points of view) that facilitates an overall reduction of CFW; and (5) PSS assessment: Evaluate the new PSS against the current food provisioning system in terms of CFW In order to investigate the aforementioned hypotheses, the following research questions should be addressed:
(1) How could the current food provisioning system be improved? (2) What are the specific products, services and system attributes that manufacturers and retailers could adopt to influence consumer behaviour towards food waste? (3) How could they be clustered to form a system? (4) What are the changes required for single companies, supply chains and consumers to implement such a change? What is the design of this change (new system) from both production and consumption sides? (5) How can the financial, economic and environmental benefits of this change be evaluated? Do the results of this evaluation verify the research hypothesis?
This paper is concerned with the first and second research questions.
Methods
The literature consists of several methodologies that support the design, development and implementation of PSSs. This research methodology is influenced by four major design methodologies aimed to support the design of PSS that would foster more sustainable consumption:
(1) MSDS: Methodology for system design for sustainability (Vezzoli, Kohtala, and Srinivasan 2014) ; (2) Who are the stakeholders of the current system used by the consumer to acquire food?
Who should be the main actors of the new PSS?
Who could be the potential customers for the new PSS?
The identification of primary and secondary stakeholders that could play a role in reducing CFW was first conducted. Then, using the stakeholder prioritisation matrix, the main actors to be involved in PSS development were selected based on their interest and influence in changing consumer behaviour. As for the potential customers, a discussion was conducted whether focus should be on the whole market or just a niche market.
Methodology for current food provisioning system analysis
As argued in Section 2, the current food provisioning system is not efficient in terms of CFW prevention. However, it still has characteristics that present a potential for addressing this issue. Thus, a SWOT analysis was conducted to assess the current system environmental, economic, social and technological strengths and opportunities that could support the reduction of CFW. The current system dynamics and macro-trends were also analysed in relation to their capacity of forming an opportunity to prevent CFW. Moreover, weaknesses of and threats (challenges) to the current system in relation to CFW minimisation were also investigated to identify the capabilities needed to improve the provisioning system. Under this angle, some challenges and weaknesses can be regarded as opportunities if they are addressed effectively.
Customer needs analysis methodology
The third process of the strategic analysis stage aims to analyse consumers' needs in terms of solutions that could enable them waste less food. The content of this analysis was mainly based on the investigation of reasons for CFW discussed in Section 2. This investigation helped in identifying services, products and support that need to be available to address CFW causes.
To guide this analysis, the means-end chain method is used which is a tool that enables the understanding of how consumers perceive the value of a certain product or a service, by clearly linking the product/service tangible and intangible attributes to their consequential benefits and eventually to their instrumental and terminal values. This tool has previously been adapted for reduction as well as other potential environmental, economic and social implications.
In order to meet the requirements of research questions 1 and 2 (Section 2), this paper is concerned with the first stage of this methodology and presents an assessment of the existing system in regard to its potential in supporting minimisation of CFW as well as exploration of customer needs in terms of support needed throughout the whole provisioning and consumption processes. This paper uses analysis tools included in the strategic analysis stage of the MSDS and MEPSS methodologies. The latter stages of the methodology will be presented in future manuscripts.
The strategic analysis stage is important in gathering necessary information that can support, feed in and facilitate the generation of possible system level innovations. This assessment is comprised of three processes of analyses selected and modified from MSDS and MEPSS methodologies. These processes are: stakeholder identification, current system and macro-trend analysis, and customer needs analysis, and have been used because they allow to assess the interest and influence of stakeholders in developing a new PSS, identify the current system capabilities in order to optimally utilise them in the design of the new PSS, and identify customers' needs that should be met in order to facilitate prevention of CFW. The content of these analyses is derived from the literature review and from discussions with a broad set of industry and third sector organisations, and the tools used to guide each of these three processes are presented in Table 2 .
Stakeholder identification methodology
The first process of this stage was to identify the main actors and their respective motivations for changing the current provisioning system. Supported by information gathered from the literature review and discussions with business experts, a number of brainstorming workshops were organised to address the following questions: This exercise helped listing the stakeholders that need to be analysed, using the stakeholder prioritisation matrix, in terms of their potential contribution in developing and/or supporting the new PSS. The identified stakeholders include: consumers, retailers, manufacturers, logistics providers, primary producers, packaging manufactures, crop producers, local shops, market stalls and food subscriptions. Takeaways are excluded in this exercise as this research does not cover food operations happening in the food service and hospitality sector.
The stakeholder prioritisation matrix as presented in the MEPSS methodology by Van Halen, Vezzoli, and Wimmer (2005) has been modified for this research as the focus is not on one branded specific company, but the production-consumption system. Thus, the word stakeholder is replaced by system actor. Moreover, to help attain an objective classification of system actors, a score from 1 to 5 has been allocated to each party's influence and interest in developing the desired PSS. The scoring was guided by answering two main questions: The first analysed actor is the consumer. Consumer interest is considered to be medium to high (score 4) because UK consumers different uses and purposes where some studies used it to understand consumers values behind either 'wasting' or 'not wasting' behaviours in a foodservice context (Mirosa et al. 2016) . In this research, the means-end chain analysis is used to identify products, services and system attributes that could support consumers to purchase, store, prepare and consume food efficiently so that food waste is minimised. This is in addition to identifying solutions that could support the efficient utilisation of leftovers and the analysis of any waste created. This tool is also used to facilitate the generation of innovative sustainable PSS ideas and thus is regarded as a link between the current system analysis stage and the general PSS concepts identification stage.
Results
The results of the stakeholder identification, current food provisioning system and customer needs analyses are presented in the following sections. The significance of these results is also explored and discussed.
Actors identification
To identify the current system stakeholders that could participate in reducing CFW, a system map is developed (Figure 4 ) focusing on the actors that collaborate to provide consumers with food. flexible portioning) and innovative (i.e. provision of cooking/ storing guidance) packaging in order to provide consumers with high-quality and -personalised offerings.
Food subscriptions are an alternative way for consumers to acquire food. The organisations managing these schemes aim to satisfy consumers demand for convenience and quality food. Thus, the development of the desired PSS could be of medium to high interest (score 4) to these enterprises as it could pose a potential competition to their business or a possible business opportunity in case of collaboration with the conventional food providers. As for their influence, the existing food subscription schemes attract a niche market and thus, only influence behaviour of a relatively small group of consumers (score 1).
Regarding crop producers, local shops and market stalls, their interest and influence in the PSS development is agreed to be low (score 1) as it is outside of their business interest and expertise. Furthermore, although information and communication technology (ICT) does not have a physical role in the PSS, this research recognises its high importance in facilitating and enabling the integration of production and consumption. The above actors' influence-interest analysis is summarised in Tables 3 and  4 , and Figure 5 presents the final prioritisation matrix where the dark-shaded areas refer to the primary system actors and the white areas refer to the secondary system actors. Based on this, the system map presented in Figure 4 is updated to draw system boundaries ( Figure 6 ).
In relation to the potential customers for the new PSS, studies have shown that consumers waste food regardless of their age, social class, housing tenure, gender, etc. (WRAP 2007) . Hence, at this stage of research, customers of the new PSS are believed to be the whole UK market. Moreover, as the ultimate benefit of the new PSS is to address individual needs and to provide targeted solutions, consideration will be taken to develop different satisfaction subsystems during stage 2 of this project.
Current food provisioning system analysis
The main tool used to analyse the current food provisioning system in terms of its potential to lead to a reduction of CFW was a SWOT analysis (Table 5 ). The objective of this analysis was to obtain an understanding of the system strengths that could be used in the new PSS, the different opportunities that the new system could exploit, as well as the weaknesses, threats and challenges that are facing the current system and which should be tackled within the new PSS. The focus of the SWOT analysis is on the primary stakeholders identified in Section 4.1 (manufacturers, retailers, logistics providers and consumers) and the newest available reports analysing food and drink industry (BIS 2010), food manufacturing sector (BDO 2016), grocery retail sector (IGD 2016a; PwC 2014; Retailthinkthank 2014), food logistics sector (IGD 2009) and consumers behavioural change (IGD 2016b; PwC 2014) are used. This is in addition to reports and researches analysing reasons for CFW discussed in Section 2.
The analysis shows that the current system already has many strengths that could be of benefit in reducing CFW. The main three strengths are: its ability for flexible production, its efficient delivery and its advancement in ICT. These three capabilities in addition to the changing consumer behaviour, where UK citizens demand more convenience, better service levels and are increasingly interested in reducing their food waste (67% make a great deal of effort to reduce food waste [WRAP 2007]) . They are also demanding more convenience and better level of services in relation to their food provisioning operations. As for their influence, consumers are the ones generating food waste and therefore they are the ones who can take actions to prevent it. Moreover, in a service-based supply chain, consumers are able to play several roles that are normally assumed by manufacturers in traditional supply chains (Sampson and Spring 2012) . They can be suppliers of information which helps manufacturers and retailers better understand their needs and therefore produce adequate offers that would prevent generation of waste. They can be design engineers or production managers by providing design specifications, directing and influencing the production of the final offer. Moreover, consumers can also assume the quality assurance function by measuring the offering quality through provision of feedback. Therefore, it can be argued that consumers can have a high influence (score 5) in the PSS development.
Retailers and manufactures are both believed to have a medium to high interest (score 4) in the PSS development as it could be an opportunity to increase their offering value. The PSS could also be an opportunity for these two actors to differentiate from the market fierce competition on low prices. Moreover, retailers' brand image could benefit from the PSS as there is an increase market demand on eco-friendly and socio-ethical products. Manufactures could also profit from the PSS as it would help them increase their production planning accuracy by closely collaborating with end-consumers which could lead to a reduction in their internal waste as seen in ODIN project (Goedkoop et al. 1999) .
Regarding retailers and manufacturers influence in the PSS development, it is considered to be medium to high (score 4) and medium (score 3), respectively. Retailers are considered to be the chain managers since they are the system touchpoint. They also hold a powerful position as more than 70% of the UK grocery market share is controlled by only four big players (Tesco, Sainsbury's, Asda and Morrisons) (Kantar Worldpanel 2017). Furthermore, manufactures have the ability to produce innovative offers that could address consumers need and demand.
In this exercise, logistics are isolated from retail and manufacturing to emphasise their importance in the PSS development. Logistics here do not only refer to third-party logistics providers but to any actor performing this function whether it is outsourced or not. Due to their ability in facilitating interactions between all other actors, and their responsibility for managing the flow of products and services across the supply chain, logistics influence in PSS development is argued to be medium (score 3). Moreover, the new PSS might lead to an increased demand for logistics services, especially as the new system model would require a higher engagement with end consumers (interest score 4).
Primary producers and packaging manufacturers are considered to have medium influence (score 3) and low to medium interest (score 2) in the PSS development. The new PSS can be of interest to primary producers as it could improve their forecasting since they should be able to better understand the market demand. Producers could also contribute in the new PSS by providing advice on the product content of the offering. Furthermore, the new PSS might necessitate more variated (i.e. more connectivity, can form a foundation for the development of the new PSS. Alternatively, despite its flexibility, the current system does not enable for personalisation. For instance, food portioning is very standardised and does not take into consideration individual needs. Moreover, technology in packaging, for example, is mainly driven by preserving food until first use, and similarly, ICT advances are mainly exploited within business-to-business contexts.
Therefore, it is clear that the current food provisioning system focuses on improving its industrial operations but there is not much focus on improving household operations. This means that the system is set up so that production and delivery run efficiently, but fails to consider if the operations carried out by consumers at household level are efficient. This gained insight could be summarised using Fisher's (1997) definition of supply chain. and through their branded packaging by controlling what messages to display on the packaging logistics x logistics manage the flow of products and services and enable retailers and manufacturers to get the right product to the right market at the right time while protecting products quality and optimising overall costs Primary producers x although primary producers have a great impact on food products availability, in the conventional supply chain they are managed by retailers and manufacturers. thus, they are subject to these actors demands. Moreover, they can influence the product content of the offering Packaging manufacturers x although packaging providers have control over food packaging, they are bound by manufacturers and retailers specification. Moreover, using packaging, they can facilitate offering more flexible portioning and better targeted information food subscriptions x food subscriptions are actors of the alternative food network, they have influence over a niche of consumers decisions (influence exists but not of a large scale) Crop producers x Crop producers have little influence on decisions taken by consumers (i.e. purchase, storage, preparation, consumption) local shops x local shops are actors of the alternative food network, they have some influence over a niche of consumers decisions (influence exists but not of a large scale) Market stalls x Market stalls are actors of the alternative food network, they have some influence over a niche of consumers decisions (influence exists but not of a large scale) Table 4 . System actors interest in PSS development.
Interest in PSS development
To what extent is the actor interested in changing their business model/behaviour? Actor 1 2 3 4 5 Note Consumers x Sixty-seven per cent of uK consumers make a great deal of effort to reduce food waste, they are also demanding more convenience and better service levels from retailers retailers x retailers are continuously seeking to meet their customers demand, new PSS can form an opportunity to differentiate from competitors Manufacturers x new PSS can form an opportunity to differentiate from competitors, it could also help in improving production planning accuracy logistics x With the increase of customer demand for online shopping and quick delivery, logistics are pushed to adapt their models to satisfy end-user needs Primary producer x Primary producers are bound by retailers and manufacturers requirements and thus should change their models if needed, moreover, new model can improve primary producers forecasting accuracy Packaging provider x Primary producers are bound by retailers and manufacturers requirements and thus should change their models if needed food subscription x existing food subscriptions are mostly SMes with business models that aim to satisfy consumers demand for convenience and comfort Crop producers x Crop producers lack the capabilities to change their business model local shops x local shops lack the capabilities and the investment capital to change their business model Market stalls x Market stalls lack the capabilities and the investment capital to change their business model provide more options to different types of consumers. This is in addition to the support that the advanced ICT could provide from utilising big data to understand consumer behaviour, to facilitating real time information sharing among all actors of the supply chain (including consumers).
Customer needs analysis
To analyse customers' needs in terms of support that could enable customers to reduce CFW, the means-end chain analysis tool is used. This analysis is carried out based on the four stages of the food provisioning process where food waste generation or actions leading to food waste occur. These stages are purchasing, storage, preparation and consumption. A fifth stage 'post-consumption' is also added to enable for the waste generation analysis. Providing adequate support for these stages is believed to lead to the instrumental value which is 'eating while producing less waste' . This instrumental value is in turn believed to lead to the terminal values which are reducing environmental impact, saving money, supporting individual high self-esteem and supporting food security. This analysis helped in identifying products, services and system attributes that can support consumer during the five aforementioned stages. For instance, a replenishment service providing remote access to household inventory (fridge and cupboards) in terms of what products are stored, their quantity and A supply chain performs two distinct types of functions: a physical function and a market mediation function. A supply chain's physical function is readily apparent and includes converting raw materials into parts, components, and eventually finished goods, and transporting all of them from one point in the supply chain to the next. Less visible but equally important is market mediation, whose purpose is ensuring that the variety of products reaching the marketplace matches what consumers want to buy.
It can be argued that the current system has all the components that support the physical function of its supply chain in producing and delivering finished products to the customers, but it lacks the capabilities to support the market mediation function in producing what consumers want and need in terms of products and service that will facilitate the reduction of CFW.
This market mediation function could be improved through exploitation of the current system strengths. The system's ability for flexible production could be used to initiate the development of future smart factories that are capable of producing high-personalised offerings that meet specific consumer needs and demands in a manner that leads to CFW reduction. For instance, it is possible to foresee a system that is able to recognise consumers in terms of their lifestyle, household mix, preferences, etc. and adequately providing them with food packages that are specific to their needs in terms of portions, allergies, taste, etc. This high level of system efficiency would also benefit from the existing efficient distribution network and the Omni channel retail which is predicted to profit from more variety that should The remaining results of this analysis are detailed in Figure 7 . Furthermore, it is observed that many of these services, products and attributes are already developed, or under development, but they exist independently and are not within a system which could lead to synergies and an improved reduction of CFW. Thus, the challenge is to combine and integrate all these solutions and their expiry dates can support consumers during their purchasing so that they only buy what they need in the quantity needed. Moreover, a service analysing the environmental impact and cost of the waste generated by consumers, could increase consumers' awareness of the amount of waste they generate, and support businesses better understand individual households' needs. In this research, aspects of a combination of existing methodologies have been adopted to strategically analyse the current food provisioning system. The methodology was modified so that analysis is focused on the production-consumption system rather than a single company. This strategic analysis has demonstrated that the current food provisioning system has many characteristics and potentials that can facilitate the reduction of CFW. However, its main weakness resides in its adoption of a standardised production system which fails to address individual needs and lifestyles. Moreover, means-end chain analysis of the existing food provisioning system revealed some 30 aspects that could support a reduction in CFW. This analysis indicates that through the adoption of a PSS, providers would be able to access information that could help them better understand consumer behaviour, and that consumers would have access to evidential information that could increase their awareness regarding the environmental impact of their purchasing and consumption behaviour.
Furthermore, the strategic analysis demonstrates that the generation of system level innovations could be deployed within a new PSS to achieve a minimisation of CFW. From an early vantage point, two potential PSS scenarios could be:
(a) Services that can offer supporting platforms to customer i.e. a PSS scenario where consumers are provided with ingredients that help make a meal at home. These ingredients are provided in adequate portions, are accompanied with cooking guidance and necessary tools to prevent generation of food waste. These ingredients could be either delivered or sold in physical stores; or organise all stakeholder interactions within a system that could enable the integration of production and consumption. The specific design of this system is what stage 3 of this research is concerned with.
Discussion
A review of the literature has suggested that CFW is a consequence of societal issues shaped by an inefficient retail-manufacturing system and influencing how consumers provision and handle food. This review revealed the need for a system level solution that will not only address the direct reasons for CFW but also the core issues driving it. Research hypotheses and questions were then formulated to investigate how this system level solution can be developed and how its effect on CFW generation could be assessed. This paper has focused on addressing the first and second research questions which aim to examine how the current food provisioning system could be improved and identify the products, services and attributes that would support food providers influence consumer behaviour. Moreover, the literature review prompted the application of PSS thinking to the existing food provisioning system in order to effectively address the central reasons for CFW. PSS application has been proven to be, in many cases, environmentally, economically and socially beneficial. However, it is also accepted that adoption of such concept has some inherent risks: the traditional and transitional investment costs of the system, and the capabilities it will need to acquire in order to enable its transition from offering pure products to offering products and services. (b) Services that can offer final results to consumers i.e. a PSS scenario where consumers are provided with chilled, frozen or warm ready-meals which are suitable for their taste and which are portioned adequately so food waste is prevented. These ready-meals could be either delivered or displayed in physical stores.
These two general scenarios are two of the three types of PSS discussed by Manzini and Vezzoli (2003) . The next stage of the current research will seek to generate product service sub-systems where specific sub-satisfactions are identified and interactions between actors involved in these sub-satisfactions are defined.
Once the most promising ideas are identified, variations of the MSDS, MEPSS, Sushouse methodology and SOPMF tools will be used to guide the actual design of these PSS and modification will be introduced to emphasis the role consumers should play in co-designing the final solutions. Moreover, discussions with key retailers and manufacturers will be conducted to closely investigate how the new PSS could be implemented in the real business world. What is clear is that a food provisioning system that inherently produces low levels of CFW is unlikely to be based on the transactional business approach now broadly adopted across much of the developed world. A minimisation of CFW is likely to require a more adaptive, bi-directional relationship between food providers and consumers. Such a change cannot happen overnight, but a long path of planning, implementation and acceptance is required.
Conclusions
This work has highlighted the importance of system level collaboration between actors, including manufacturers, retailers and consumers, in minimising CFW. It also discussed a major flaw in the current food provisioning system in that it focuses on improving operations until point of purchase, and thus, creating a disparity between production and consumption. To bridge this gap and enable food providers to support consumers at household level, the application of PSS concept to the existing system was proposed. A strategic analysis was conducted as a primary step in designing the potential PSS. The strategic analysis included an assessment of the existing food provisioning system in terms of its strengths and weakness in addressing CFW, and the identification of specific solutions that could support consumers waste less. The primary analyses demonstrated the applicability and potential feasibility of a PSS within the food waste context. Finally, this change is believed to support food providers to transition from being a pure economic entity to an organisation that uses profits as an outcome and facilitator of sustainable activities.
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